Model tests of a high-speed midwater rope trawl were made to estimate the optimum ratio between headrope flotation and wingtip weights. The weights were secured to the bottom of each wingtip.
New fishing gear technology has become important since the early 1980's for harvesting underutilized fast-swimming fish by the commercial trawling fleet of Japan. Developmental work has involved fishing trials with full scale midwater trawls during commercial operations by the Japan Marine Resources Development Center (JAMARC) in waters off Namibia, South Africa and Chili, South America.1,2) Results of these trials have shown that some of the highspeed midwater trawls including rope trawls were reasonably effective in catching both concentrated and scattered shoals of pelagic fish. In the course of these trials, the test trawls were modified to provide information that would be useful in the development of even more effective high rise trawls and rigging. The modifications included adjustments of the bridle length and wingtip weights. From these modifications, it became apparent that the fishing efficiency depended largely on the size of the mouth opening, and the vertical opening in particular.
The vertical opening of the trawl varies according to the towing speed and constructional features of the gear such as the amount of headrope flotation, wingtip weights, and geometry of the upper and lower bridles. Above all, the ratio of flotation to wingtip weight is important in increasing the vertical mouth opening. However, there has been insufficient data to determine the proper ratio because of limited field studies and model tests. The main objective of this study is to present a method of estimating the proper ratio for a high-speed midwater trawl in relation to variations in rigging based on model tests. The most appropriate ratios are also presented.
Materials and Methods

Full Scale Net and Model
For test purposes, the author made a full scale net plan modelled after one of JAMARC's original designs. The full scale net was a variable type of rope trawl of a twelve-panelled design having longitudinal ropes extending through the wings and fore part of the body as shown in Fig. 1 . Fig. 2 shows the details of the structure of rope sections. The headrope and footrope were of equal length (68.7m) while the breastline was 65.3m long. It has several design features such as a gradually tapering body section, long extension piece and no flapper. The main purpose of these features is to maintain the incident angle of the netting panels to below 10 degrees while fishing and to subsequently prevent the escape of the fish as they entered the mouth and tunnel of the trawl. 
Experimental Procedure
Various combinations of headrope flotation (B) and wingtip weights (2W) were used. To estimate the optimum B/2W ratio, four kinds of headrope with different buoyancy and weights were tested. Two modes of attaching the wingtip weights were employed, one being a concentrated load using iron blocks secured at each wingtip and the other a distributed load consisting of short iron chains. The iron chain appeared to be the most effective because the iron blocks fouled in the netting. Tests were also made to determine the most effective rigging because minor changes in the relation between the lengths of the upper and lower bridles produce considerable changes in the vertical mouth opening.3,8) Two types of bridles were examined, one being a control with bridles of equal length (120m) in the upper and lower bridles, while the other was of a more modern type with the upper bridle 120m long and the lower bridle 127m long. These are denoted as rigging 1 and 2 respectively. Fig. 3 shows the mode of weight attachment, the rigging diagram, and the method of measuring the vertical opening.
Connecting lines in the table in the lower portion of Fig. 3 give the combinations of B and 2W tested which involved eleven combinations.
No otter doors were used in the tests. Therefore, the measurements and observation of the model were carried out with the front ends of the bridles fixed at 85m apart to maintain the desired distance between the two wingtips at about 38m. Once an optimum rigging design is determined, the B/2W ratio should be as small as possible on the basis of results from the height-speed curves. The vertical net opening was not influenced by the two modes of weight attachment based on the two height-speed curves for the B/2W ratio (1.0/ 6.78) as shown by the solid line in Fig. 4-d and dotted line in Fig. 4 -e. The proper height-speed relationship depends mainly on the actual conditions of trawling and the operational reliability of the gear. Values joined by solid lines in the table in the lower portion give tested combinations of buoyancy (B) and wingtip weights (2W). The wingtip weights for the gear with rigging 1 were interchanged with those for the gear with rigging 2. The interchange of these wingtip weights corresponds to the curves shown in Fig. 4 . The length of lower bridles for the rigging 2 includes a long part of chain bridle 15m long, totalling 127m in the scaled up value.
As a simple method of estimating the proper 2W or optimum B/2W ratio, the author introduced a new term, the "height factor" denoted by Hf. The Hf term is defined as the height per unit of vertical spreading force received from the floats and wingtip weights, i.e. ton-per opening efficiency. This is based on the premise that the downwards force of the weights and the lifting force of the floats contribute to the size of the trawl opening. The Hf value is the measured height (Hi) divided by the sum of wingtip weights (2W) and static buoyancy of the floats (B). For each combination of B and 2W by type of rigging, the relation between Hf and B/2W was investigated, regardless of the mode of weight attachment.
It is clear as shown in Fig. 5 that the trawl opening produced by rigging 2 is significantly greater than that produced by rigging 1. In addition, the Hf value becomes smaller with an increase in the towing speed and B/2W ratio. This also suggests that an incorrect increase in the B/2W has no effect, especially at higher towing speeds. Similar curves shown in Fig. 6 , which were derived by interpolation and extrapolation from data in Fig. 5 , are only available for the gear with rigging 2. The experimental values can be easily used to calculate the desired net height from both the (B+2W) and 2W values. The results shown as height-weight curves in Fig. 7 based on the Hf formula indicate that the proper weight varies with the towing speed and B values. It is therefore necessary to select the proper weight for a given flotation so that the vertical opening can be kept high over a wide range of towing speeds, since the towing speed must be frequently changed to correspond with varying speeds of the fish schools. Considering the above factors, the proper weights range from 5-7 tons for B values of 0.5-0.6 ton, and from 6-8 tons for B values of 0.8-1.2 tons. The optimum B/2W ratio can thus be easily estimated from these values. ing is still in a state of development and midwater trawl fishermen have limited experience with gear design improvements, removing all floats from the trawl is probably not acceptable at present. Even if as small as 0.5 ton of buoyancy is used, considerably higher vertical openings can be expected at towing speeds ranging from 3-5 knots. The height-weight curve for the smallest buoyancy (B= 0.5 ton, Fig. 7 ) suggests the possibility of decreasing the number of floats. The results obtained in this study also provide effective methods for step-bystep modifications for the proper arrangements of floats and wights. In the present study, test weights ranged from 3.39 to 6.78 tons and the test buoyanices from 0.5 to 1.27 tons. The most popular weight and buoyancy currently empoyed by Japanese midwater trawl fisheries are 5 tons and 1 ton, respectively, for midwater trawls similar in size to that shown in Fig. 1 . These values may have been roughly determined by trial and error. Trial and error methods can be eliminated by using Fig. 7 
